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Sealing Device and Sliding Member 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a sealing 
device and a sliding member. 
Description of Related Arts 

To make sliding resistance between two 
objects which slide over each other as low as 
possible is a problem extremely important to 
mechanical components such as a bearing and a 
seal. The reason for this is that it can not only 
contribute to the improvement in the life of the 
mechanical components but also restrain the loss 
o f energy . 

Conventionally, a surface of a sliding 
portion has been coated with fluorocarbon resin 
which is low friction resin. However, the 
fabrication cost is increased. Further, a 
lubricant such as grease or lubricating oil has 
been interposed between two objects. However, the 
lubricant may, in some cases, be run out of. 
Therefore, there is a limit to the reduction in 
sliding resistance. 

Meanwhile, in a sliding portion constructed 



using a high polymer material, sliding resistance 
is generally liable to be increased. A sealing 
device for sealing a space between a rotating axis 
and a housing and a space between a reciprocating 
axis and the housing, for example, has a sliding 
portion composed of a rubber material which slides 
to and from the rotating axis and the 
reciprocating axis. However, the sliding 
resistance may, in some cases, be increased by 
running out of an oil film of the sliding portion. 

In one, used for a clutch in an automatic 
transmission of an automobile, for example, of the 
above-mentioned sealing devices, an annular 
sealing member made of rubber is generally 
provided on the inner periphery and the outer 
periphery of a piston member, and a surface of the 
sealing member is provided with a lip serving as 
a sliding portion brought into contact with the 
housing. Consequently, a space between the 
housing and the piston member is sealed. 

Conventionally, the lip of the s e a 1 i n g memb e r 
has its whole sliding surface brought into contact 
with the housing or the like, so that the sliding 
resistance is high. Moreover, s e a 1 i n g memb e r s are 
respectively provided on the inner periphery and 



the outer periphery of the annular piston member. 
Accordingly, the response characteristics of the 
operation of the piston member are poor. 

On the other hand, a sealing device in which 
a sliding surface of a lip is provided with an 
annular projection or the like along its 
circumference has been proposed (e.g., JP-A-9- 
210088) for the purpose of reducing sliding 
resistance. However, the sliding resistance is 
not sufficiently reduced. 
SUMMARY OF THE INVENTION 

An object of the present invention is to 
further reduce sliding resistance in a sealing 
device and a sliding member. 

In order to attain the above-mentioned 
object, in a preferred mode of the present 
invention, a sealing device comprises a sealing 
member brought into contact with a contact surface 
so as to be slidable in a predetermined sliding 
direction. The sealing member comprises a sliding 
contact portion containing rubber or synthetic 
resin to be brought into sliding contact with the 
contact surface, and a plurality of recessed or 
protruding streaks, which are independent of one 
another, provided side by side so as to constitute 
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a column on a surface of the sliding contact 
portion . 

In the present mode, a lubricant stored in 
the recessed or protruding streaks is 
sufficiently supplied to the sliding contact 
portion as the sliding contact portion in the 
sealing member slides relative to the contact 
surface, thereby making it possible to 
significantly reduce sliding resistance. 
Further, the contact area of the sliding contact 
portion with the contact surface is reduced, 
thereby making it possible to significantly 
reduce the sliding resistance. 

In another preferred mode of the present 
invention, a sliding member brought into contact 
with a contact surface so as to be slidable in a 
predetermined sliding direction comprises a 
sliding contact portion containing a high polymer 
material to be brought into sliding contact with 
the contact surface, and a plurality of recessed 
or protruding streaks, which are independent of 
one another, provided side by side so as to 
constitute a column on a surface of the sliding 
contact portion. 

In the sliding contact portion containing a 



high polymer material, sliding resistance is 
liable to be increased. In the present mode, a 
lubricant stored in the plurality of recessed or 
protruding streaks which are independent of one 
another is sufficiently supplied to the sliding 
portion as the sliding member slides relative to 
the contact portion, thereby making it possible 
to significantly reduce the sliding resistance. 
Further, the contact area of the sliding contact 
surface is reduced, thereby making it possible to 
significantly reduce the sliding resistance. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing the 
schematic construction of an automobile to which 
a sealing device according to an embodiment of the 
present invention is applied; 

Fig. 2 is a schematic sectional view showing 
a principal part of a clutch in an automatic 
transmission in enlarged fashion; 

Fig. 3 is a schematic view showing a cylinder 
and a piston for explaining centrifugal oil 
pressure ; 

Fig. 4 is an enlarged sectional view showing 
a principal part of a sealing member provided in 
an inner cylinder of a piston shown in Fig. 2; 
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Fig* 5 is an enlarged sectional view showing 
a principal part of a sealing member provided in 
an inner cylinder of a piston shown in Fig. 2; 

Fig. 6 is an enlarged sectional view showing 
a principal part of a sealing member provided on 
the outer periphery of a partition plate shown in 
Fig. 2; 

Fig. 7 is an enlarged sectional view showing 
a principal part of a sealing member according to 
another embodiment of the present invention; 

Fig. 8 is a partial sectional schematic view 
showing an electric power steering device to which 
a sealing device according to still another 
embodiment of the present invention is applied; 

Fig. 9 is a partial sectional schematic view 
showing a hydraulic power steering device to which 
a sealing device according to still another 
embodiment of the present invention is applied; 

Fig. 10 is a partial sectional schematic view 
showing a principal part of a steering device to 
which a sealing device according to still another 
embodiment of the present invention is applied; 

Fig. 11 is a schematic view showing a sliding 
member serving as still another embodiment of the 
present invention; and 
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Fig. 12 is a graph showing the change with 
time of a rolling friction torque. 

DETAILED DESCRIPTION OF THE PREFERRED EMBO I DMENT 
Referring now to the drawings, an embodiment 
of the present invention will be specifically 
described . 

Referring to Figs. 1 to 4, an embodiment of 
the present invention will be described. 

First referring now to Fig. 1, an automobile 
1 comprises a power source 2 such as an engine, 
an automatic transmission 4 communicated to the 
power source 2 through a torque converter 3, a 
driving wheel 5 to which power from the automatic 
transmission 4 is transmitted, and a wheel 6. The 
automatic transmission 4 decelerates the 
rotation of the power source 2 and transmits the 
decelerated rotation to the driving wheel 5. An 
input shaft 7 of the automatic transmission 4 is 
connected to the power source 2 through the torque 
converter 3 so as to be power t r a n s m i 1 1 a b 1 e . 
Further, an output shaft 8 is connected to the 
driving wheel 5 through a joint 9, a transmission 
shaft 10, and so on so as to be power 
transmittable . 

The automatic transmission 4 has the input 
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shaft 7, the output shaft 8, a transmission 
mechanism 11 interposed between the input shaft 
7 and the output shaft 8 for transmitting power, 
and a clutch 12 provided in the transmission 
mechanism 11. By the operation of the clutch 12, 
power from the input shaft 7 to the transmission 
mechanism 11 can be transmitted or interrupted. 

Referring to Fig, 2, the clutch 12 comprises 
a piston member 14 and a partition plate 15 in its 
housing 13. The housing 13, the piston member 14, 
and the partition plate 15 respectively have an 
annular shape, and are arranged centered around 
a central axis 16 of the input shaft 7. 

The housing 13 comprises an inner cylinder 
13a formed in an annular shape around the central 
axis 16, an outer cylinder 13b formed in an annular 
shape radially outward from the inner cylinder 13a 
around the central axis 16, and an annular end wall 
13c for connecting the inner cylinder 13a and an 
end of the outer cylinder 13b (an end on the left 
side in Fig. 2). The housing 13 has a groove shape 
in cross section, and a cylinder 17 serving as an 
accommodation chamber is formed in an annular 
shape. Further, the outer cylinder 13b in the 
housing 13 comprises a cylindrical portion 13d 



concentric with the central axis 16 and a tapered 
portion 13e extending radially outward as it 
axially moves farther apart from the cylindrical 
portion 13d. 

The piston member 14 comprises an inner 
cylinder 14a formed in an annular shape around the 
central axis 16, an outer cylinder 14b formed in 
an annular shape radially outward from the inner 
cylinder 14a around the central axis 16, and an 
annular end wall 14c for connecting the inner 
cylinder 14a and one end of the outer cylinder 14b 
(an end on the left side in Fig, 2). The piston 
member 14 slides back and forth to and from the 
housing 13 along a sliding direction x parallel 
to the central axis 16. 

The outer cylinder 14b in the piston member 
14 comprises a cylindrical portion 14d concentric 
with the central axis 16, a tapered portion 14e 
extending radially outward as it axially moves 
farther apart from the cylindrical portion 14d, 
and a pressing portion 18 extending radially 
outward from the tapered portion 14e. The inner 
cylinder 14a in the piston member 14 has an annular 
sealing member 20 made of rubber provided on its 
inner peripheral surface. Further, the outer 



cylinder 14b in the piston member 14 has an annular 
sealing member 22 provided on the side of the end 
wall 14c of its outer peripheral surface 21. The 
central axis of each of the sealing members 20 and 
22 is on the central axis 16. 

The piston member 14 is inserted into the 
cylinder chamber 17 so as to be axially slidable. 
The sealing member 20 is brought into contact with 
an outer peripheral surface 23 of the inner 
cylinder 13a in the housing 13. The sealing member 
22 is brought into contact with an inner 
peripheral surface 24 of the outer cylinder 13b 
in the housing 13. A first oil chamber 25 serving 
as a fluid chamber is defined in the cylinder 
chamber 17 by the housing 13, the piston member 
14, and the sealing members 20 and 22. 

A communicating hole 26 for communicating the 
first oil chamber 25 and a path 101 provided 
radially inward from the inner cylinder 13a in the 
housing 13 is pierced through the inner cylinder 
13a in the housing 13. A hydraulic fluid 
pressurized by a pressure device (not shown) can 
flow into the first oil chamber 25 (indicated by 
a hollow arrow in Fig. 2) through the 
communicating hole 26. 
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The partition plate 15 is a member made of 
a sheet metal, for example, formed in an annular 
shape around the central axis 16. A flat portion 
27 parallel to the end wall 14c in the piston 
member 14 is provided on a side surface, on the 
side of the first oil chamber 25, of the partition 
plate 15. Further, an annular sealing member 29 
is provided on the outer periphery 28 of the 
partition plate 15. The sealing member 29 is 
arranged so as to be brought into contact with an 
inner peripheral surface 30 of the outer cylinder 
14b in the piston member 14. Further, a groove 
31 is formed in the inner cylinder 13a in the 
housing 13, and a snap ring 32 is fitted in the 
groove 31. The partition plate 15 abuts against 
the snap ring 32 so that the movement in one axial 
direction (rightward in Fig. 2) of the partition 
plate 15 is restricted. 

The end wall 14c in the piston member 14 has 
a flat portion 33 provided on its side surface 
opposite to the partition plate 15, and a holding 
member 34 is attached to the flat portion 33. An 
elastic member 35 such as a coiled spring, for 
example, is attached, parallel to the central axis 
16, to the holding member 34. The elastic member 
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35 always axially presses the piston member 14 and 
the partition plate 15. 

Furthermore, a second oil chamber 36 serving 
as a back pressure chamber is defined in the 
cylinder chamber 17 by the partition plate 15, the 
sealing member 29, the piston member 14, the 
sealing member 20, and the inner cylinder 13a in 
the housing 13, The first oil chamber 25 serving 
as a fluid chamber and the second oil chamber 36 
serving as a back pressure chamber are arranged 
side by side along the axis of the cylinder chamber 
17. A communicating hole 37 for communicating the 
second oil chamber 36 and a region 100 provided 
radially inward from the inner cylinder 13a in the 
housing 13 is pierced through the inner cylinder 
13a in the housing 13. A hydraulic fluid stored 
in the region 100 can flow into the second oil 
chamber 36 (a solid arrow in Fig. 2) through the 
communicating hole 37. 

The piston member 14 with the sealing members 
20 and 22 is accommodated in the cylinder chamber 
17, and the partition plate 15 with the sealing 
member 29 is accommodated therein, thereby 
constituting a sealing device S according to the 
present embodiment. The sealing members 20, 22, 



and 29 mainly function as a seal for linear 
reciprocating motion of the piston member 14. 
However, the piston member 14 is rotated relative 
to the housing 13 and the partition plate 15 and 
therefore, also functions as a seal for rotation. 

In the present embodiment, the pressurized 
hydraulic fluid flows into the first oil chamber 
25 through the communicating hole 26, to slide the 
piston member 14 toward the second oil chamber 36 
against an urging force of the elastic member 35. 
Consequently, the pressing portion 18 in the 
piston member 14 presses each of a plurality of 
first and second clutch plates 38a and 38b 
(generically merely referred to as a clutch plate 
38) arranged parallel to the pressing portion 18, 
as shown in Fig. 3. Consequently, the clutch 
plates 38a and 38b are pressed against each other, 
thereby making it possible to transmit the power 
from the input shaft 7 shown in Fig. 1 to the 
transmission mechanism 11 through the clutch 12. 

The clutch 12 is a so-called actuating 
cylinder in one direction only, so that the 
pressurized hydraulic fluid is supplied to only 
the first oil chamber 25. When the piston member 
14 slides toward the second oil chamber 36 by the 
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oil pressure of the supplied hydraulic fluid, the 
elastic member 35 is compressed in the axial 
d ir ec t ion. 

When the oil pressure of the hydraulic fluid 
in the first oil chamber 25 is reduced, a force 
for pressing the piston member 14 toward the 
second oil chamber 36 is reduced, so that the 
piston member 14 is pushed back toward the first 
oil chamber 25 by the urging force of the elastic 
member 35. As a result, the pressing portion 18 
in the piston member 14 releases the pressing of 
the clutch plate 38 shown in Fig. 3, so that the 
transmission of the power through the clutch 12 
is interrupted. 

Referring to Fig. 3, the housing 13 is 
attached to the input shaft 7 so as to be 
integrally rotatable. When the housing 13 is 
rotated together with the rotation of the input 
shaft 7, the hydraulic fluid in the cylinder 
chamber 17 receives a centrifugal force 
proportional to the square of the number of 
revolutions of the input shaft 7, thereby 
developing so-called centrifugal oil pressure. 
Specifically, centrifugal oil pressure 40 for 
urging the piston member 14 toward the second oil 



chamber 36 is developed in the first oil chamber 
25, while centrifugal oil pressure (back 
pressure) 41 for urging the piston member 14 
toward the first oil chamber 25 is developed in 
the second oil chamber 36. The centrifugal oil 
pressure 40 and the centrifugal oil pressure (back 
pressure) 41 are canceled out each other. 
Consequently, it is possible to minimize the 
effect of the centrifugal oil pressure developed 
in the clutch 12 by the rotation of the housing 
13 to minimize the effect of the centrifugal oil 
pressure on the operation of the piston member 14. 

Each of the sealing members 20, 22, and 29 
will be then described in detail. First referring 
to Fig. 4, the sealing member 20 on the side of 
the inner cylinder 14a in the piston member 14 
comprises an inner peripheral portion 43 forming 
a seal lip 42, directed radially inward, serving 
as a sliding contact portion brought into sliding 
contact with the outer peripheral surface 23 of 
the inner cylinder 13a in the housing 13 and an 
outer peripheral portion 44 attached to an inner 
peripheral surface 19 of the inner cylinder 14a 
in the piston member 14. 

A surface 45 of the inner peripheral portion 



43 in the sealing member 20 has a second oil 
chamber-side inclined surface 47 and a first oil 
chamber-side inclined surface 48 on both sides of 
a front edge 46 of the seal lip 42. A lot of 
recessed streaks 50, which are independent of one 
another, extending along the circumference 49 of 
the seal lip 42 are formed on the second oil- 
chamber side inclined surface 47 so as to 
constitute each of a plurality of columns 5 2 , 53 , 
and 54. The recessed streaks 50 constituting the 
adjacent columns 5 2 , 5 3 , and 54 are alternately- 
arranged . 

Referring to Fig. 5, the sealing member 22 
on the side of the outer cylinder 14b in the piston 
member 14 comprises a seal lip 55, directed 
radially outward, serving as a sliding contact 
portion brought into sliding contact with the 
inner peripheral surface 24 of the outer cylinder 
13b in the housing 13. 

A surface 56 of the seal lip 55 has a second 
oil chamber-side inclined surface 58 and a first 
oil chamber-side inclined surface 59 on both sides 
of a front edge 57 of the seal lip 55. Recessed 
streaks 50 are formed on the second oil 
chamber-side inclined surface 58 in the same 
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manner as those in the sealing member 20. That 
is, a lot of recessed streaks 50, which are 
independent of one another, extending along the 
circumference 60 of the seal lip 55 are formed so 
as to constitute each of a plurality of columns 
52 , 53 , and 54. The recessed streaks 50 in the 
adjacent columns 52 , 5 3 , and 54 are alternately 
arranged . 

As shown in Fig. 6, the sealing member 29 
provided on the outer periphery 28 of the 
partition plate 15 is constructed similarly to the 
sealing member 22. That is, the sealing member 
29 comprises a seal lip 55, directed radially 
outward, serving as a sliding contact portion 
brought into sliding contact with the inner 
periphery surface 30 of the outer cylinder 14b in 
the piston member 14, and recessed streaks 50 of 
the same construction as those in the sealing 
member 22 are formed in the seal lip 55 so as to 
constitute each of columns 52, 53, and 54. 

According to the present embodiment, a lot 
of recessed streaks 50 are formed so as to 
constitute each of a plurality of columns 52 , 53 , 
and 54 on each of the second oil chamber-side 
inclined surfaces 47 and 58 of the seal lips 42 
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and 55, serving as a sliding contact portion, of 
the sealing members 20 and 22 inside and outside 
the annular piston member 14 accommodated in the 
annular cylinder chamber 17. Therefore, the 
sliding area of each of the seal lips 42 and 55 
is reduced, thereby making it possible to 
significantly reduce the sliding resistance 
thereof . 

Furthermore, a sufficient amount of 
hydraulic fluid can be held in each of the second 
oil chamber-side inclined surfaces 47 and 58 by 
a lot of recessed streaks 50, thereby making it 
possible to more reliably reduce the sliding 
resistance of each of the seal lips 42 and 55. 
Consequently, it is possible to further improve 
the response characteristics of the operation of 
the piston member 14. 

Moreover, the same recessed streaks 50 are 
also provided in the sealing member 29 brought 
into sliding contact with the inner peripheral 
surface 30 of the outer cylinder 14b in the piston 
member 14, and sliding resistance between the 
sealing member 29 and the piston member 14 is also 
reduced, thereby making it possible to further 
improve the response characteristics of the 



operation of the piston member 14. 

It is preferable that the depth of the 
recessed streaks 50 is in a range of 20 to 100 jjl 
m. If the depth of the recessed streaks 50 is less 
than 20 JUL m , the lubricating effect cannot be 
sufficiently obtained. If the depth of the 
recessed streaks 50 exceed 100 //m, problems may 
arise in the workability of the recessed streaks 
50 and the strength of the seal lip 42. Therefore, 
the depth of the recessed streaks 50 is set in the 
above-mentioned range. The depth of the recessed 
streaks 50 is more preferably in a range of 40 to 
8 0 JUL m . 

It is preferable that the length A in the 
longitudinal direction of the recessed streaks 50 
is in a range of 100 to 5 00 jjl m or in a range of 
2 to 2.5 times of the width B. If the length A 
in the longitudinal direction of the recessed 
streaks 50 is less than 100 Jim, the lubricating 
effect cannot be sufficiently obtained. If the 
length of the recessed streaks 50 exceed 5 0 0 jjl 
m, problems may arise in the reduction in sealing 
performance and the production of abnormal 
noises. Therefore, the length A in the 
longitudinal direction of the recessed streaks 50 



is set in the above-mentioned range. The length 
A in the longitudinal direction of the recessed 
streaks 50 is more preferably in a range of 200 
to 4 0 0 JUL m . 

It is preferable that the width B in the 
transverse direction of the recessed streaks 50 
is in a range of 50 to 2 0 0 JUL m . If the width B 
in the transverse direction of the recessed 
streaks 50 is less than 50 JUL m , the lubricating 
effect cannot be sufficiently obtained. If the 
width B of the recessed streaks 50 exceed 2 00 JUL 
m, the number of recessed streaks 50 provided on 
the second oil chamber-side inclined surface 47 
in the seal lip 42 is reduced, so that the sealing 
performance may be degraded. Therefore, the width 
B in the transverse direction of the recessed 
streaks 50 is set in the above-mentioned range. 
The width B in the transverse direction of the 
recessed streaks 50 is more preferably in a range 
of 80 to 150 jum . 

It is preferable that the adjacent recessed 
streaks 50 in the same column are arranged such 
that the pitch C along the circumference 49 is in 
a range of 1.3 to 3 times the length A of the 
recessed streaks 50. In a case where the pitch 
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C along the circumference 49 is less than 1.3 times 
the length A of the recessed streaks 50 (C < 1.3 
A), the sealing performance may be degraded. If 
the pitch C exceeds three times the length A of 
the recessed streaks 50 (C > 3A), the lubricating 
effect cannot be sufficiently obtained. 
Accordingly, the pitch C is set in the above- 
mentioned range. The pitch C along the 
circumference 49 is more preferably in a range of 
1.3 to 2 times the length A of the recessed streaks 
50 . 

It is preferable that the adjacent recessed 
streaks 50 in the same column are arranged such 
that the pitch D in the axial direction among the 
columns 52, 53, and 54 is in a range of 1.3 to 3 
times the width B of the recessed streaks 50. In 
a case where the pitch D in the axial direction 
is less than 1.3 times the width B of the recessed 
streaks 50 (D < 1.3 B), the sealing performance 
may be degraded. If the pitch D exceeds three 
times the width B of the recessed streaks 50 (D 
> 3 B), the lubricating effect cannot be 
sufficiently obtained. Accordingly, the pitch D 
is set in the above-mentioned range. The pitch 
D in the axial direction is more preferably in a 
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range of 1.3 to 2 times the width B of the recessed 
streaks 5 0 . 

Although in the above-mentioned embodiment, 
the recessed streaks 50 which are characteristic 
portions are applied to the sealing members 20 and 
22 for the piston member 14, the recessed streaks 
50 may be applied to either one of the sealing 
members 20 and 22, in which case the effect of 
reducing the sliding resistance thereof is 
obtained. Although in the above-mentioned 
embodiment, the recessed streaks 50 are applied 
to the sealing member 29 for the partition plate 
15, a case where the recessed streaks 50 are not 
applied to the sealing member 29 is also 
cons idered . 

The recessed streaks 50 are not limited to 
ones along the circumference 49 of the sealing 
member 20. For example, the recessed streaks 50 
may have a predetermined tilt angle E to the 
circumference 49 of the sealing member 20 (an axis 
49a along the circumference 49), as shown in Fig. 
7. In this case, it is preferable that the 
adjacent recessed streaks 50 in the same column 
are inclined in opposite directions (that is, so 
as to form a V-shaped pattern). The recessed 



streaks 50 in each of the sealing members 22 and 
29 may also have a predetermined tilt angle E along 
the circumference 60 (an axis along the 
circumference 6 0), which is not illustrated. The 
tilt angle E is preferably in a range of 25 to 65 
degrees, and more preferably in a range of 40 to 
5 0 degrees . 

Uneven streaks are not limited to the 
recessed streaks 50. They may be protruding 
streaks. In this case, in terms of attaining high 
sealing performance and low sliding properties, 
the height of the protruding streaks is preferably 
in a range of 20 to 100 ju m , and more preferably 
in a range of 40 to 80 JUL m . Even when the uneven 
streaks are protruding streaks, the same function 
and effect as those in the case of the recessed 
streaks 50 can be produced. That is, the sliding 
area of each of the seal lips 42 and 55 is reduced. 
Further, the hydraulic fluid is very easy to store 
around the protruding streaks. Accordingly, the 
sliding resistance of each of the seal lips 42 and 
55 can be significantly reduced. 

Although in the above-mentioned embodiment, 
description was made of a case where the recessed 
or protruding streaks are formed on the second oil 
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chamber-side inclined surface, the present 
invention is not limited to the same. For example, 
the recessed or protruding streaks may be formed 
on the first oil chamber-side inclined surface. 
Alternatively, the recessed or protruding 
streaks may be formed on both the first oil 
chamber-side inclined surface and the second oil 
chamber-side inclined surface. 

Furthermore, the shape of the recessed or 
protruding streaks may be a square, an ellipse, 
or a r hombu s . 

Although in the above-mentioned embodiment, 
description was made in conformity with an example 
in which the sealing device according to the 
present invention is applied to the sealing device 
for the piston member 14, the present invention 
is not limited to the same. 

The present invention may be applied to a 
sealing device 82 for an input shaft 81 serving 
as a rotating member of an electric power steering 
device 80, as shown in Fig. 8. In Fig. 8, the 
sealing device 82 seals an area between a housing 

84 in the electric power steering device 80 and 
the input shaft 81, and comprises a sealing member 

85 composed of an elastic member such as rubber 



and having a seal lip 83 serving as a sliding 
contact, a reinforcing core metal 86 embedded in 
the sealing member 85, and a backup ring 87. 

It is possible to provide the seal lip 83 with 
the above-mentioned recessed or protruding 
streaks 50 (see Fig. 7) alternatively forming 
inclined patterns in opposite directions, to 
reduce sliding resistance in rotation. 

Furthermore, a sealing device 82 of the same 
construction is applicable as an oil seal for an 
input shaft 89 and an output shaft 90 serving as 
a rotating member of a hydraulic power steering 
device 88, as shown in Fig. 9. 

Furthermore, in a bearing seal having a 
sliding contact portion such as a seal lip which 
is fixed to either one of an inner ring and an outer 
ring of a bearing and brought into sliding contact 
with the other ring, the sliding resistance of the 
bearing can be reduced by providing the sliding 
contact portion with the above-mentioned 
recessed or protruding streaks forming inclined 
patterns in opposite directions. The same is true 
for a bearing seal for packing. 

Furthermore, sliding resistance in rotation 
reciprocating motion can be reduced by providing 
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a sliding contact portion such as a seal lip of 
an oil seal for a crank shaft of an engine with 
the above-mentioned recessed or protruding 
streaks forming inclined patterns in opposite 
direct ions . 

Furthermore, the sealing device 82 of the 
same construction is applicable to a 
reciprocating rod serving as a linear 
reciprocating member. 

In a steering device, for example, the 
above-mentioned sealing device 82 is used as a rod 
seal for a rack bar 70 serving as a linear 
reciprocating member extending toward the right 
and the left of a vehicle, and a sliding contact 
portion such as a seal lip brought into sliding 
contact with an outer peripheral surface 70a of 
the rack bar 70 is provided with the above- 
mentioned recessed or protruding streaks forming 
inclined patterns in opposite directions, 
thereby making it possible to reduce sliding 
resistance in linear reciprocating motion of the 
rack bar 70, as shown in Fig. 10. 

Furthermore, the above-mentioned sealing 
device 82 is used as a rod seal for a reciprocating 
rod of a shock absorber used for a suspension, and 



a sliding contact portion such as a seal lip is 
provided with the above-mentioned recessed or 
protruding streaks forming inclined patterns in 
opposite directions, thereby making it possible 
to reduce sliding resistance in linear 
reciprocating motion of the reciprocating rod. 

The above-mentioned sealing device 82 is used 
as a rod seal for a valve stem serving as a linear 
reciprocating member of an engine, and a sliding 
contact portion such as a seal lip is provided with 
the above-mentioned recessed or protruding 
streaks forming inclined patterns in opposite 
directions, thereby making it possible to reduce 
the sliding resistance in linear reciprocating 
motion of the valve stem. 

Furthermore, the present invention is not 
limited to applications to a sealing device such 
as an oil seal. For example, the present invention 
is applicable to a sliding member 91 composed of 
a high polymer material such as synthetic resin, 
for example, synthetic rubber or nylon 66, as 
shown in Fig. 11. That is, a sliding contact 
portion 92 in the sliding member 91 is provided 
with the above-mentioned recessed or protruding 
streaks 50 forming patterns in opposite 
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directions inclined at an angle E in opposite 
directions to a sliding direction X, to reduce 
sliding resistance. 

Examples 1 and 2 and Co mparative Example 1 

An example 1 in which recessed streaks 
forming the same A-shaped pattern as that shown 
in Fig. 7 are formed on an oil-side inclined 
surface of an inward lip of an oil seal for a 
rotating axis, an example 2 in which recessed 
streaks extending along the same circumference as 
that shown in Fig. 4 are formed on the oil-side 
inclined surface, and a comparative example 1 in 
which no recessed or protruding streaks are formed 
were produced, and rolling friction torques were 
respectively measured, thereby obtaining results 
s hown in Fig. 12. 

Referring to Fig. 12, the start rolling 
friction torque and the stable rolling friction 
torque (after 10 hours) are as follows: 

Sta r t roll ing friction torque 

Comparative Example 1 : 1.6 Kgf-cm ( 1 5 . 7 N -cm ) 
Example 1 : 0.9 Kgf-cm ( 8 . 8 N *c m ) 

Example 2 : 1.3 Kgf-cm (12. 7N -cm) 

Stable rolling friction torque 

Comparative Example 1 : 1.4 Kgf-cm (13.7N -cm) 
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Example 1 : 0.9 Kgf -cm ( 8 . 8N -cm) 

Example 2 : 1.1 Kgf -cm (10.8N»cm) 

Consequently, the following became clear. 
That is, in the example 1, the start rolling 
friction torque can be reduced by 43 %, and the 
stable rolling friction torque can be reduced by 
35 %, as compared with those in the comparative 
example 1 (a conventional product). in the 
example 2, the start rolling friction torque can 
be reduced by 20 %, and the stable rolling friction 
torque can be reduced by 20 %, as compared with 
those in the comparative example 1 (a conventional 
product). That is, it became clear that the 
significant effect of reducing both the start 
rolling friction torque and the stable rolling 
friction torque was obtained. Particularly in the 
example 1, the start rolling friction torque has 
a value equal to the stable rolling friction 
torque, so that ideal friction properties are 
obt a ined . 

While the invention has been described in 
detail with respect to specific embodiments 
thereof, it will be appreciated that those skilled 
in the art, upon attaining an understanding of the 
foregoing, may readily conceive of alterations 



to, variations of, and equivalents to these 
embodiments. Accordingly, the scope of the 
present invention should be assessed as that of 
the appended claims and any equivalents thereto. 

This application corresponds to Japan Patent 
Application No. 2002-193507 filed with the Japan 
Patent Office on July 2, 2 0 0 2 and No. 2 0 0 2 -2 4 1 59 9 
filed with the Japanese Patent Office on August 
22, 2002, the disclosures of which are 
incorporated hereinto by reference. 



